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ABSTRAK
Tahun demi tahun, kadar kematian disebabkan oleh kemalangan jalan
raya semakin meningkat di Malaysia. Salah satu faktor yang menyumbang kepada
kemalangan jalan raya ialah pemanduan melebihi had laju. Pihak berkuasa telah
melaksanakan pelbagai usaha termasuk memperketat penguasaan terhadap kadar had
laju kenderaan bagi mengelakkan kemalangan jalan raya. Pada kebiasaannya, pihak
berkuasa menggunakan senapang yang boleh mengukur kelajuan sesuatu objek yang
bergerak untuk tujuan mengesan kenderaan yang memandu melebihi had laju.
Namun, disebabkan oleh kekurangan peralatan tersebut, hanya sesetengah tempat
sahaja mampu disediakan kelengkapan peralatan tersebut dan hal ini telah
menyebabkan penguatkuasaan undan-undang terhadap had laju kenderaan tidak
dapat dilaksanakan dengan sempurna. Pada zaman teknologi serba canggih ini,
penggunaan kamera digital serta kewujudan gambar dalam bentuk digital telah
membolehkan pengesanan halaju kenderaan dengan hanya menggunakan video
rakaman.
Pemprosesan imej telah mengurangkan kos pelaburan yang perlu
ditanggung kerajaan dalam penguatkuasaan undang-undang jalan raya. Ini kerana,
dengan menggunakan teknik pemprosesan imej jauh lebih murah berbanding
senapang. Dengan hanya menggunakan video kamera dan sebuah komputer yang
disambungkan kepada kamera tersebut, sistem pengesanan halaju kenderaan telah
dapat dicipta.
ABSTRACT
It was recorded that road vehicle accidents in Malaysia were
increasing year by year. One of the main factors that caused road accident is due to
over limit speed of vehicle. Road transportation department and polices have been
enforced the speed limits of vehicle to control the road accidents. Normal practice of
polices is to put the speed gun at the spotted areas to detect a vehicle drives over the
speed limit. However, due to lack number of speed guns available, only a few target
roads can be monitored by policemen and this will result in less of enforcement laws
to the drivers that drive over the speed limit. In current technology of digital camera
and digital images, the image analysis using normal camera to measure the speed of
moving vehicle can be obtained. An algorithm of vehicle detection will be introduced
to measure the speed of vehicle captured by normal camera.
Image processing can serve the requirement of low cost of investment. Image
processing is the technology, which is based on a software component that does not
require a special hardware. With a typical video camera and normal computer, a
speed detection device can be created. By using basic scientific velocity theory, the
speed of moving vehicle in the video can be calculated from the known distance and
time, which the vehicle has moved beyond.
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1CHAPTER 1
1.1 INTRODUCTION
A lot has been said about Malaysia topping the chart for one of the country
with highest rate of road accidents. The authorities play their role at best efforts in
order to increase the road safety but the numbers of people killed or injured on the
roads remain unacceptably high. One of the factors that contribute to road accidents
is speeding. As the speed of vehicle is one of the main factors for road accidents, it
becomes an important traffic parameter, so the detection of speed of vehicle is very
significant for more smooth traffic management. Therefore, there have been many
efforts made by the government to reduce speeding such traffic light and vehicle
speed detection by using RADAR (Radio Detection And Ranging) or LIDAR (Laser
Infrared Detection And Ranging) based methods. Although RADAR and LIDAR
based methods were high in performances, they are also very high in price which
around RM1000 to RM 14000 per item. It is not affordable if it meant to use for
many roads around Malaysia. There was also speed camera method used to detect the
speed of moving vehicle, but speed camera is also depends on RADAR equipment.
Speed cameras are usually placed behind trees and road sign. It did not need the use
of manpower like a speed guns where there must be a human to operate the system at
all the time. So, at the first glance, these speed cameras seems to be the best method
for speed trap but as long as the equipment is still based on the RADAR approach,
this method will be at disadvantage because it cannot be fixed no matter how the
technology has been improved so far[3].
Therefore, the approach of using image processing in vehicle speed detection
was introduced to replace the use of RADAR and LIDAR. Image processing is also
less expensive compared to RADAR approach as it only needs a single video camera
and a computer. Image processing is the technology which is based on the software
2component that does not require special hardware. A video recording device and a
normal computer with MATLAB software installed inside can served the
requirement for low cost of investment for vehicle speed detection. A basic physic
velocity theory can be used to calculate the speed of moving vehicle in the video
scene from the known distance and time. There are six major components in
measuring speed of vehicle by using image processing approach which are image
acquisition, image enhancement, image segmentation, image analysis and speed
calculation. Image processing methodologies have been very useful in detecting
speed of vehicle. For examples are image enhancement and image differentiation.
The image differentiation is used in the vehicle detection stage. First, choose the
background image and set the linear projection. The speed of the vehicle is computed
when the vehicle passes through the linear projection. This background-updating
technique is more useful compared to thresholding method as it can detect the
vehicle more accurately. While, the image enhancement like region filing and image
scaling is used in improving the shape of the object or the vehicle. The image
segmentation plays biggest role in this project as it acts as medium for measurement
of distance that the vehicle travelled through.
31.2 PROBLEMS STATEMENT
It has been concerned of many as the rate of road accidents in Malaysia keep
increasing by years. The fatality rate in Malaysia has become issue as it also keeps
increasing due to many factors and one of the main factors is road accidents. Road
accidents are mostly caused by speeding. It will affect many things if this rate did not
decrease. Therefore, the speed detection system has been introduced in order to
prevent the road users exceeding the speed limits thus reduces accidents and
increases road safety.
The idea of using the video camera to measure the speed of the vehicle has
been proposed in order to replace the current speed detection approach which is
based too much on RADAR equipment. Speed guns are not really dependable as the
cosine error rise when the guns direction is not on the direct path of the oncoming
traffic.  The cosine error become significant when the gun is located at the side of the
road or above the road and it will affect it accuracy. The uses of speed cameras are
very reliable but the cost of its equipment is not bearable by the government. The
cost of installing a speed camera is approximately RM 80 000, but can cost as much
as RM 16 000 if located in a rural location, as the system requires a 240v power
supply. The image processing approach served the requirement of low cost of
investment in speed detection as it hardware only requires a normal computer and a
video camera. A normal computer would cost around RM 1000 and a video camera
costs approximately RM 500. The total amount for the hardware using image
processing approach is merely RM 1500. It way cheaper compared to the RADAR
approach.
41.3 OBJECTIVES
This project is subjected to one main objective which is to develop a system
that will be able to detect the speed of moving vehicle using a charge-coupled device
(CCD) camera. The speed detection using normal camera will be very useful in much
kind of industries since its main feature is cheap or low cost. This project intends to
develop the vehicle speed detection system for speed trap system. Beside the main
objective, there are a numbers of sub-objectives of this project. Below are the sub-
objectives for the project:
1) To develop a new approach of detecting speed using CCD camera
2) To measure the speed of moving vehicle
1.4 SCOPES OF PROJECT
This project intends to develop a speed trap system using normal video
camera and image processing technique. This project is to help the police enforce the
law of vehicle’s speeding in Malaysia. Image processing technique is possible using
MATLAB software. Here are the scopes of the project:
1) Design a speed detection system for the use in speed trap system for the
purpose of traffic speed law enforcement
2) Data were taken at the straight roads only
3) Detect only one object at a time
5CHAPTER 2
LITERATURE REVIEW
There are many researchers all over the world try to apply so many
techniques in detecting and measuring the speed of the vehicles. All techniques are
based on hardware equipment and computer software.
Jianping Wu et al.[1] proposed an algorithm for automatic vehicle
speed detection using video camera. This paper presents a method based on digital
image processing to realize the real-time automatic vehicle speed monitoring using
video camera. First, the camera was set up H above the road to record the video on
the road traffic. The mapping function between image domain and real-world domain
was easily deduced based on geometrical optics. A camera is simplified as a convex
lens with focal length f and the distance between on object and lens plane is assumed
to be z and the distance between an object and the optical axis of the lens is assumed
as y. The image of the object is assumed to have a height of v and its distance to the
lens plane is w. After the camera is set up, w becomes constant. There are three
coordinates system which are the real-world coordinate system (x, y, z), the camera
coordinate system (x’, y’, z’), and the image domain system (u, v). For the real-word
coordinate system, x represents transverse direction in the road surface plane, y
represents the direction perpendicular to the road surface, and z represents forward
direction in the road surface. For the camera coordinate system, x’ represents the
horizontal direction in the lens plane, y’ represents the direction perpendicular to x’
direction in the lens plane, and z’ represents the optical axis direction. For the third
coordinate system which is the image domain system, u represents horizontal
direction and v is for vertical direction. The relationship between real-world
coordinate system and the camera coordinate system is analysed by assuming that x
6axis is parallel to the x’ axis. After analysing all these three coordinate systems
together with the assumptions that have been made, the formula for coordinate
mapping between image domain and real-world domain were acquired. Then, the
calibration of the coordinates mapping was carried out. First, the position of point
(Uv, Vv) is determined. Then, a car of known length L and W in the image were
used to complete the calibration.
Chomptip Pornpanomchai et al.[3] also uses image processing
techniques to create the vehicle speed detection system. This research intends to
develop the vehicle speed detection using image processing techniques. The system
consists of the normal IBM/PC connected to the uncalibrated camera. The input of
the system is the scene of moving vehicle that the distance of the frame has to be
known. There are six major components of this system which are image acquisition,
image enhancement, image segmentation, image analysis, speed detection and report.
Image acquisition consists of two parts which are media retrieval and image
buffering. The image acquisition is used to call the filter graph, grabbing the single
frame from video stream and buffering each single image to the memory storage.
Image enhancement is made up of two sub-components which are scale adjustment
and grey scaling. Image scaling is used to provide the possibility of having various
sizes of input formats. The gray-scaling is used to reduce difficulty of the analysing
process. Images with the 36 milion-coloured levels can be transformed into 24 levels
of colours without losing the abstraction of the images. For the operation in image
segmentation process, there are three steps to be done which are frame subtraction,
vehicle speed searching, and vehicle boundary declaration.  The reference image is
first declared and all the images are subtracted with the reference image in order to
find the movements of the object in binary image. The region-growing method is
applied to define the area of real vehicle. Image analysis consists of image
thresholding, vehicle recognition and vehicle tracking. The image thresholding
method is used to distinguish the mark point from background. The next process is
speed detection. The speed of the vehicle in each image is calculated and the average
of speed acquired in the images will be the final speed of the vehicle. Report process
provides end-user readable result of calculation.
7Wang Jing-zhong et al.[6] proposed a real-time detection of vehicle ‘s
speed based on vision principle and differential detection. First, parameter of the
camera is calibrated, digital signal of the images is captured and pre-processing of
the images is taken. Then background image is selected and linear projection of the
speed is set. Finally, the moment of vehicle passed the linear projection of speed is
detected and the speed of the vehicle is computed. This paper presents a real-time
method of the detection of speed of vehicle based on principles of computer vision
digital image processing techniques. A CCD camera and a video-captured card were
used to find the input of the process which is video images of traffic scene. The video
images were then transferred and digitized to digital images so that it would possible
to be processed by computer. Image enhancements such as filtering and noise
reduction were done to increase the quality of the images. A method of moving a
single camera to calibrate parameters of traffic monitoring system is adopted.
Huei-Yung Lin et al.[8] proposed a vehicle speed detection and
identification from a single motion blurred image. Motion blur is a result of finite
acquisition time of practical cameras and relative motion between the camera and
moving objects. A novel approach for vehicle speed detection and identification
based on a single image taken by a stationary camera was proposed. Motion blur will
occur in a region of the image corresponding to the dynamic object in the scene due
to relative motion between the camera and the object for an extended period of
camera exposure time. The speed of the vehicle can be estimated according to the
imaging geometry if the parameters of the motion blur and the relative position
between the camera and the object can be identified. Image restoration provides a
way to identify the vehicle if the motion blurred image was taken with the license
plate. Image restoration of spatial variant motion blur is considered as a difficult
problem due to the unknown background. The techniques of dealing with spatial
invariant motion blur are used for motion deblurring after region segmentation
because the application is focused on the estimation of motion blur parameters and
image restoration of the total blur region such as license plate of the vehicle. The
formulas for speed estimation were then established. The parameter estimation and
image deblurring processes were done.
8H.A.Rahman et al.[11] proposed a vehicle speed detection using
frame differencing for smart surveillance system. This paper presents vehicle speed
detection algorithm and its application for smart surveillance system using PC
workstation at the selected road lane. There are three major parts of this project
which are vehicle speed detection, speed estimation algorithm and experimental
result. For the vehicle speed detection, the vehicle is assume as an object with mass
and by ignoring the forces reacts upon it, the speed of the vehicle can be obtained by
examining its kinematics equation. The formulation of the velocity is defines in this
section. Then, for the speed estimation algorithm, it consists of two processes which
are obtaining the time and moving object detection. For the first process, the
calculation of velocity requires time difference. The frame rate of the video sequence
is used to obtain the time. A video sequence has a frame rate 25 frames per seconds
till 30 frames per second. The time taken between two consecutives frames is 40ms
or 33.33ms. The timing resolution and the displacement resolution in pixels of the
image are the factors for computation of maximum velocity. In the moving object
detection process, there are several methods that can be used which are temporal
differencing method, background subtraction and optical flow. Optical flow is
computationally complex. Frame differencing method is adopted in this project
because it was the simplest motion detection technique and it is insensitive to
illumination changes and also does not require background initiation. Video frame at
t is subtracted with the video frame at t-1. By using Visual C++ , the vehicle speed
detection algorithm has been developed on a 2.6 GHz Pentium Intel dual core with
4GB ram memory and 500 GB hard disk. However, the speed estimation of the
vehicle was constrained by the timing resolution and displacement resolution in
pixels of the images.
Yong-Kul Ki et al.[4] uses a double-loop detectors to find the
accurate speed measurement. There are many of engineers, managers, researchers
and law enforcements officers need to measure vehicular speed for many important
tasks such as traffic related disciplines. The inductive loop detector has been most
popular method of detection system ever since its first introduction in early 60s.
Most of the traffic surveillance system depends on inductive loop detector. There are
two types of loop detectors which are double-loop detectors and single-loop
9detectors. The most common loop detector for measuring vehicular speed is a
double-loop detector. A set of double-loop detectors is known as speed trap.
J.Pelegri et al.[5] use a GMR Magnetic sensor to provide a vehicle
detection and car speed monitoring system. By using two GMR Magnetic Field
Gradient Sensors located on the pavement of highway or a fast road, the magnetic
perturbation caused by the vehicle can be detected. A microcontroller process the
signal of sensors when a vehicle passes above the board of the circuit to obtain the
speed and length of the car in real-time. ROM is used to store the dates of more than
one thousand vehicles. Then, the microcontroller sends the dates through FSK
modulation. This system could be used for an automatic traffic measurements and
control, replacing the ultrasonic sensor which is expensive. In the design of the board
process, the hardware of this project is established. The system consists of two GMR
sensors (AB001-02), a Microcontroller PIC family, a fast semiconductor IC memory
with an access and writes cycle of 45 ns and a radio transmitter module with a two
kilometre of range that makes the prototype available with a low cost. One sensor
signal is obtained in a digital oscilloscope when a vehicle passes through above the
sensors in its sensitivity direction. The movement of car causes the perturbation of
flux lines the constant Earth's field in both senses favours against of movement and it
is the fluctuation observed in the signal.
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CHAPTER 3
RESEARCH METHODOLOGY
This stage consists of introduction to the approach to create vehicle
speed detection from a video scene system. In general, the idea of this project is to
calculate the vehicle speed from known distance and time when the first vehicle
passes the starting point and the time the vehicle finally reaches end point.
Below is the flow chart of the vehicle speed detection. It is to
provide a deeper understanding of the details of operation of the vehicle speed
detection. Based on flow chart below, the process consists of five major components
which are image acquisition, image segmentation, image enhancement, image
analysis, and speed calculation.
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3.1.1 Image acquisition
Firstly, the video of the moving vehicle has been recorded using Sony
Handycam DCR-SR47. The starting point and ending point were set and distance
between these two points in the real world coordinates was measured. The angle
between camera and the road must be approximately 00. The distance between
starting and ending point in real world is 50metres. Later, this distance will be used
in speed detection calculation stage. Figure 3 below shows the video scene structure.
Figure 2: Camera used to record the video
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Figure 3: Video scene structure
There are overall ten video recorded for this project. Only two of them were used for
this project. The first video has a length of 4 seconds and there was only one car
present in the video. The video sequence has a frame rate of 25 frames-per-seconds.
After the video has been transferred into the computer, image frames were extracted
from the video by using AVS Video Converter Software. The total image frames
acquired on offline working are 106 for first video and 46 frames for second video
that runs for around 2 seconds.
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3.1.2 Image enhancement
Image enhancement step involves resizing and gray-scaling of an images.
There is a need of resizing the images because it was too large to display on
MATLAB and for better appearances of the result. The command ‘imresize’ is used
to rescale the image. The ‘imresize(imagea,0.5)’ returns the image that is 0.5 times
the size of image ‘imagea’.
Figure 4: Image before resize
Figure 5: Image after resize
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Colour is one of the factors that have a great impact on the system because the input
format can vary. The rgb images were converted to the grayscale in order to reduce
the difficulties in processing the images sequence in the next stage. The command
‘rgb2gray converts the truecolor image RGB to the grayscale intensity image. It
converts RGB images to grayscale by eliminating the hue and saturation information
while retaining the luminance.
Figure 6: Image after converted to grayscale
3.1.3 Image segmentation
The image differentiation approach has been decided to be use in order to
segment the moving vehicle from the images sequence. All images in the image
sequences must pass through the image enhancement, so that all that those images
are the grey-scaled images. Here is the flow chart of the image segmentation process.
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Figure 7: Flow chart of image segmentation process
The first image from grey-scaled image sequences has been selected as the reference
frame. Next step is to subtract all images in the sequences with the reference frame
have been chosen. M(x , y) = image (x, y) - background (x, y) is used to perform
subtraction images frame with the reference frame. Image subtraction was performed
to detect vehicle position in the image. The next step is image conversion which
involving conversion from grey-scale image to black and white or binary image. For
this step, ‘im2bw’ were used to accomplish the process. The command ‘im2bw ’
convert image to binary image, based on threshold. For example, BW = im2bw(I,
level) converts the grayscale image I to a binary image. The output image BW
replaces all pixels in the input image with luminance greater than level with the value
1 (white) and replaces all other pixels with the value 0 (black). Level is specify in the
range [0,1]. This range is relative to the signal levels possible for the image's class.
Therefore, a level value of 0.5 is midway between black and white, regardless of
class. If level is not specified, im2bw uses the value 0.5. If the input image is not a
grayscale image, im2bw converts the input image to grayscale, and then converts this
grayscale image to binary by thresholding. For the morphology part, ‘bwareaopen
has been applied to the images in order to improve the quality of the result. The
‘bwareaopen(objectBW,P)’ removes from a binary image all connected components
(objects) that have fewer than P pixels, producing another binary image.
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Figure 8: Background image
Figure 9: Image to be subtracted
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Figure 10: Image after the subtraction
Figure 11: Image after morphology process done
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3.1.4 Features selection
Features selection process is responsible for finding pixel distance between
two positions of the car. Before that, the pixel distance between reference starting
point and ending point is calculated manually in the MATLAB by subtracting x-axis
of the starting point with the x-axis of ending point. The data acquired will be used
later in the next step. ‘Regionprops’ command is used to find the centroid of the
object. The function of the regionprops is to measure the properties of the image
regions. The ‘regionprops(L,'Centroid')’ measures a set of centroid for each labelled
region in the label matrix L. Positive integer elements of L correspond to different
regions. Then, the first centroid of the object entering the starting point will be
subtracted with the last centroid of the object at the ending point. The result of the
process will be a pixel distance of two objects which will be used in speed
calculation.
Figure 12: Distance between two references points
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Figure 13: Some of the centroids acquired
3.1.5 Speed calculation
From the previous processes, it was already provide the position of each
single vehicle in the image frame and also the position of mark points found in the
reference frame. The speed of the vehicle in each image will be calculated using the
position of the vehicle together with position of reference points and the given time
stamp. After the centroid of object in each image is acquired, the distance between
the two objects can be calculated by subtracting the two centroids taking only the x
component. Below is the correlation to find the distance, time, and speed.
